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ABSTRACT: 

A pipelined scheduler which allows easy implementation and control and further fair scheduling 
among input lines of a crossbar high speed switch fabric is discussed. By means of a round-robin 
communication scheme, a systematically ordered sequence of visits to time slots can be obtained 
regardless of whether the number of scheduler modules is even or odd by framing the time axis 
and using a priority matrix to reserve future time slots. Further, a Carry Over Round-robin 
Pipelined Scheduler (CORPS) achieves scalability to a large number of ports. Moreover. CORPS 
achieves one scheduling decision per line per slot, by scheduling packets in future slots. It is well 
suited to the support of Quality of Service traffic, since the choice of the queues to be scheduled 
is arbitrary. CORPS limits itself to resolve, in a fair way, the contention for output ports. 
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*). 

L. 

fAM^Xia-y hi)<^i)^ifd *>5:¥iJBiL. 
it^mt^Sx-^^o-Mfflx^ >y^. 

xsf\^</)^^-t:im-ttis.mtiiij^^-^ ( vo 
2t-!^fc-r-5.ii*Jiiiei!iiOx-^7o-Miiipx>f 7 



yi^jL-v y^^tiUmiz}i\,^x , 
SXr-yrt, 

b) l5fESSw:^tJ^vj>.-;l'*vjL-;l^*<. BulB«a<0 
aiil5K- h « 3 *><0 1 r :7 -b A L J; 3 1 ^6<?*<7) 

>f Axo -y h 2ritft-r -y Ti: . 

c ) mm^coiii:h^-hff)o *>«o 1 o^friBl??!^^' 
Axo >y h T'ioaniffltxiri; A- ij i^^^-rs i d K 

iaR-ts;^x-yri:. 

/\^^>^:i.-MzX-:,xmz^^$tiX^'^hiyi^oif*im 

m-hXT-^/rb. 

■f-5;^T-y7-i:. 

f ) luiB^*0:J''f AXo-y h*«iaih$itTV^^v^«^ 
;^X'yrt. 

g) mm^<r>'9^i^x\:i vVifi^ f&<7)xy=j^-/\^ 

i^jL-MZX-^XmzJRi^tlXX^^^^RX/mLm&tT) 
IBrtl.Xx>y7-i:. 

h ) msMkmLimifimzmk^tix\.^i>m-^izit. ta 

sin^<Oi'-(^xa-y hi:m±mRtzWiMLXtmx^ 
>y7- (d) izmiXf-'/rb. 

i ) friBSij6Stl!)#*>'§l5&$ii.TV%^:V^W4. lufB 
;K3|W)^'^ Axo-y Axo -y hJt'Jtm 
m^-t, »aL77^Sr-b-y h LTX-f>yr < d ) CM 
?>Xy'-yrb. 

>fAXn-y hSrJXO, ljulB1?*60^'<<AXa-y h*>TX4, 
n/cC t i:^-tmii:miX1ri^a.- 'J y^Tpf y-fe-i^' 
{cAiiS:XT-yri:, 

k ) mBx^iy:z.->j yy^ yfe-i^'SriJfcoxtJri;*- 
/\^=f:'JjL-Mzmtxf-yrb . 

T-:?t4. #ai:»]7K-htcittTSiJ«c7)dfi-$-ttJ^-r 

b ^mLb-r^mmissmmm. 

y^^Ji, mcTyn^-hizm-maiSMtiilj^^—^ y 
ybiim.x'S>hzbimLb-thmsm8am<o:fi 
a. 
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*rV:L-^}y^=^^J:i.-Ms^h. i>hf1h9 M^XU-y 

iitX^iir^-vx*r'Ja.-^}yy'^'Ja.~ivi3'^. -eo^*?; 
^j-v-'a-u yif^'J:L-)vt^h^^\.f^^mmmi 

[It«« 1 3 ] mLiTfXiJXir'Jj,- "J y^<cE5^'A- 

(^m^mi:^^Lmmi^m-?> (jar. 

p. 

C t imib-i-hxiri;^- V yy-^, 
[mm. 1 4 ] fifiex^r j; J,- ij 

hxT-yrt. 



mm-hxy-yrh. 

d ) luie^*^^'-^ AXo-y Vifi^(r>X-tr=J 
:L-Mzi: ->xmzM htlX t ij^iL 0 ti^^r^mtt X 
T-yTb. 

KAiiSX^-yTt. 

f ) msix-iri^jL-^J y^jt -y-b-yiSriJccox^rvfj,- 
;l^^'jL-;l'fc:iS1-Xx«y . 

^''f Axo -y hT(oxy>jjL-o yi^^i:^sm (imm 

3iei8<OXiri/i-.jy^:frS. 
[ff^JH 1 6 ] Bi^X^r>?j,_ y y^^?s«, 

T. »:07^-Ap«go#^M=5r&^^'^Axn yhi& 

^rtKt txum^rni^-rtzbi^mib-thmtmi 3 

lEilox^i-'i-yy^:^, 
[it*Jf 1 7 ] Bi^xiri;^- y y/*&{±, 
h^^x.^tU::m^i^^J^xn'y hfe:t><tSNffl<OA 
^j;K-hxiri^'jt-y y^ti^'j.-;!^*?)^.!]^:^;:^!"^! 

^^^a-t s N X N •? h y i'ximtrh zti,zX':> 

l^(0iii:fj^-y'^tii^1xlip^^i^hZbimib 
■tmimi 3ieK<7)x^i^'A-yy^^. 

toooii 

[WMcomttm^m] ^ma. ^-y hv-^-tcj: 

«.x-^'<7)70-S:©Jfflhr-S^--y h V-^'v-XxJUfcJ: 

-^'7P-?:'^-rsx^i;jL-7fc»rs . 

[0002} 

im^<mm] A:^^A-x>f yf-T-^fr^^f-^ji, 

A:']>'N'-y7r<7)^t'Jr:5'-tXjIS3!)»\ 
4i:fct,{cx^-;l'-r^eDTm<. M^-(DXJ^<7mm 
bbi>l.zx^-;l>-th1)^hX'i>i>. tii^L. X:h^<yy 
rMX-f «y f-fi, H O L (head-of-1 ine) 7*0 'y^yir<r) 

x;p-7-'y h{±5 8. exb^-'omsmmzmm^tih 

(M. J. Karol. M. G. Hluchyj, S. P. Morgan."Input 
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Versus Output Queuing on a Space-Division Packet S 
Mitch", IEEE Transactions on Comnini cations, Vol.C 
OM-35. No. 12, pp. 1347-1356. Dec. 1987, #Dg) . 

[00 0 3] gj£t^-5T. yf-COHOLyo 

^ ( VOQ : Virtual Output Queuing) tV^dA:*]^* 
— f y^*SC*^IS$iTJt (Y. Tanir and G. Frazier, 
"High Perfornance Multi-queue Buffers for VLSI Co 
nuMnication Switches", Proceedings of 15th Ann.Syn 
p. on CoBp. Arch., pp.343-354, June 1988, HXt^^ 
T. Anderson, S. Ouicki, J. Saxe, C. Thacker, "Hirfi 
Speed Switch Scheduling for Local Area Networks', 
ACM Transactions on Conputer Systens, pp. 319-352, 
Nov. 1993, . ■?-<0#i.*«, ;^>f -y^h^^^ 

^1XX\^hXoiZ (A. Nekkittikul. N. McKeown, "A P 
ractical Scheduling Algorithn to Achieve lOOZ Thro 
u^-put in Input-Queued Switches", Proceedings of 
Infocoiii98, April 1998, ^) , VOQ^S-;? ^>t:i9f 

out 1 0 0%c7)X;l— r-y hJ&W^igTiiSC: t*« 
7h^tlX\^h, 

[0 0 041 fi!-5T, YOQlX-)Jf^'7 7rm.y^^ y^ff) 

Mn<7)yiJJj^:fj (FIFO) X:fj^y.- 
X-nis:-Yii^h^-hii'^-v^'^'rvy^-^t^<r)\z\t 

ifX'%h. 

[0005] z.(ni.ots:x*r'J:i.-v\zm-hm^'m. 
hL)i\mY<r>Xo\.z'iim-h^hlf'X'%h. ft+x^- 

•y h;^n-y hrt(wi-'<.T«7)nrfig:5:Affi:»3;K-hJt(cra 

A. Hekkittikul. N. McKeown, "A Practical Schedulin 
g Algorithm to Achieve lOOX Through-put in Input-Q 
ueued Switches", Proceedings of lnfocoiil98, April 19 
98, #Bg) . 

[0006] ffi^r, m.7.^'J^-y\i. X^i^a^-y 

-h^:t')lXJi2<ioyo>y^', J>«,U±, Aai^J^' 
n;^df>f>M/::'5iro-y^') lz^m^1xt^%i<nX'h 



I (MHi. N. McKeown, M.Izzard. A. Mekkittikul. 
W. Ellersick, M. Horowitz, "The Tiny Tera: A Packe 
t Switch Core". IEEE Micro, Jan/Feb 1997. pp. 26-3 
2, tSXX/. Y- Tamirand H-C Chi, "Sy«*etric Crossba 
r Arbiters for VLSI Comnuni cation Switches", IEEE 
Transactions on Parallel and Distributed Systeis, 
Vol. 4. No. 1, pp. 13-27. 1993, #!!g) . 

[ 0 0 0 7 ] 0 1 ji, V A-7<o-e?$-^-r« 
-vy^^^Mi:mmz. NimcDmnzT^-tx-tt 

'ima^hh. :i<7)Xd-^j:X^l^:L-y\i^ xy 
i^a.-y^^-fh^'^-Y'^:Lrt^X^ y^y-iXn^ 
n{,zm<m-'tht\'^oW^X\ X^-yfiVXi,t^j: 

xx^ y^:i^- i *}'j'-^<-t^^m& 

SrirtS. U^L, ZtitX'^^tiX\.y^i><Oii.m^ 
btX. m^iO^^iry hxa^ htzm-txiri^sL-V 

yf^m&inozttf'xtmiz. n^jico-T'^.to^ 
;^-^zmt^mmi:mm■^mm^:^-XJ^i:'mt■r 

S. iOaWiJi, miZ ( SL I PXir=J^~y(Om^ 
<Oid{C. N. McKeown, M. Izzard, A. Mekkittikul, 
W. Ellersick, M. Horowitz. "The Tiny Tera: A Packet 

Switch Core", IEEE Micro. Jan/Feb 1997. pp. 26-3 
2, #Bg) , 5'>yKot>:*r^ (Y. Taai 

r and H-C Chi, "Symmetric Crossbar Arbiters for VL 
SI Communication Switches". IEEE Transactions on P 
arallel and Distributed Systems. Vol.4, No.l, pp.1 
3-27. 1993, mm) 't}oZtti^mX$)i>. 

[ 0 0 0 9 ] 02 ( A ) SIX ( B ) ti, m\1j^X/y 
•> y K o t' y^r^iO r -=^f X ^ ^ 5: -e-tL-P^i^t^ 

mhi. 02 (A) tzmmmmmr-^y-^i-c 
T'«i, «-ro'yi?*^x>f 'v^m-^x{zmzm^LxL 

<x{f^<c.^:V>*>/5>Tt>S. 02 (B) {ctJJt&^'^yH 

i^cL- 'J 0 tii'^^< 1 1 N^SS'S:^ >y -b- 

[00101 $/5>Kfijfit^rr>-C, 7'»'HDt'>'-^^ 
D— f-f • X^i/A—y (RRGS : Round-Robin Gree 
dy Scheduler)3&sg^$n7t. ZtlM. y-^Z-i^f^y 

'y>ir \m^<x^'J:L-'7Xh'^. titX-h 

A(Ci5!^IWl l-172584^Sr#!S) . ^-y-b 
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b ttKi6l.cot+i)-=5r^*-'$)5 J: o l>z-th . RR G S 
[0011] $fe-r. HEW^vMT7>f >^x^ri;i- 

[0 0 121 a^^XM-^r^ hiJitf-s'j 

xo y Hi. aj^j 'J y^izii h in*r y VcmmziMi' 

i6fc. X:>-j/jt.-7{4. l:J''fA;;^a«y hrt-CVN'-y^Q 
[001317^ yimifim^fh b . x^i^a.- U y 

^r)V >J XAili±^mx ^y^iZhX^-y -X)VX'i> 
:f]-Ch^bSJbti?>. ^WLT-^'r^'^^X-ti. K2X 

Gbi t/s(r>y^ymi^iexi6Tt!-hx>( 
x\ x'r'J^-'Jy/li&ii.. h3*ftmctT*> 
^rtth.tf=ar^>-r. 4 24f y hcOATM-feMc;*tLT4 

Jl^, lexieJ^'f yf-T'tiO. 16ns 

^3.Tin^-v::biz^m-h:ib^z\iwmi^hh. $ 

[00 14] H4tfcv^T, #^'n;^yN'A:'3'-K-H4, 
A:'j^-h^^^>''i-7tvj.-;l^ ( SM : Scheduler 
Module) #SM{i, m¥>l DT*SSM- 



SM®<i^x-^y*«a4{C*$ilT>-^ 

^fdi>l,zmm^fit, 9rtXf^^'J:j.-)VbsmbcrM 
c7)Dt-<0ffl5i^fflJi. :?'DWN';l'^'D y^'5:aitTOt 
tOTfcS. Cl^lti. fc^>«9>SSMK. t'(^xa-yh*^ 
^<n~/XT2^9Ah.XU -> V (CTS : Current systea 
Tine Slot) T$>l.7&»tl,^d::fcfc, CTST^^^t 

hx^-hif^-vn\zm^hW£.<r>^^-y)v 

■f) fcSrfiHo-frS. Ci^ttt. x'ri/:>.~y\izX-)Xm% 
atix. ^'nX>'\'7r7'U-y:5'tc<J:oTgE;^^ai$<xS^^ 

[00 15] 9AKXx:i -,Y::b\Z^ #SM«. T^-k 

xmmisn^-m-v\mhx%'k^j^<r>^^fiiiih 

bmt^ith, S M if 3 L<4 raUi/ 

H^j mm.) Sr^t. ::iH±. -^i.^>tiJ::xa yhtc 

mizfrn-t^miphi. sMip. i&cr>^KX(7mmz 
mtim&cr>mmi:^-ttzbiz^j:i^. iifi^x-f 
ya. x'>-i^^-vyi^Vi^comsiX'Ji>N^\,\jm 
•Cirf^L=5rtth.tf=Sr'?.^rv\ -^6:*)^, SMJ4. loco 
X^i^'jL- 'J y^^Sr^Td IfftC. N<i<7)^ -y -t-s^'S- 

[00161 SMA-H'^xTcoaugS-^-fyaESkt 

mh ) x^x'a- 'J yy-m^mmh z. b immx^h 

h. #SMa. iS?£iOXO y hcoiJ'-:5r<i:t 

NXO^r hit<0^''f AXO»/ ncwtTx^-i/a-y y 

^^?^5:-t?.^i:tc^rS. CliOftHEtiO, SMJ4, x 

n\.Xtsi^ixX\^h^<nx*rV y^'^^tcWLT 
tt-5TV^SC:i:*««iE$ns. vl(^)SfiE{±. M 

^:V\ RRGSt4JJe<0id^r. 'jtW.x'r-J :2.-^)y 

T'^-yH (mPi-) x'rV:>.-^)yif<rfmkmxX\^ 

[0017] a5<4. Ay.A9uX^<>-X^ '■,^^m>>^ 
tifk^<nVi R G S X^r ij y ^^cO-Wi^^^' >f 
^^-VX:hh, m^XM. 4<ic7)SMl~SM4t. 

^tihffyx-hti^^-hif--v^^'th^Ah.xuv VT 

6.T7 ■ • ■ fc<OW«*«*^itTV^S. 
[00 18] 05tCfcV^T. mx.iii^^AXa')>hT5 
X\ SMHiif^Mxn yhTl0X'mmi:ndfzify<^ 
tii:b^-h(Dmi Kx'r'Ja.-^yyy) ^^u^ smb 
{4:? AXD y h T 9 {zmhX^rVx- 0 yi^^^-y 
Tv^S. tfz. d:<o^^M,xayhT6X'ii, SMUi 
AXO y hTSiZiHilX'iri^jt.-V yy^inr>X 

[ 0 0 1 9 1 ±£<?3J: 0 fc:#SM3!)«x^r j/jt- U y^^5: 



(6) !^200 1-7822 (P200 1-7822 



i)K m<0 ri)[j|g# (visitor) J (IH^. 1^-(J^XU 

ztirmiftiii. avi^ayi^izmmthztii'T 

[00201 

i^Mfmt^ottmmi L*»t^*^<>. rrg 

^^M.xaym^fm^zmstx0Mtfz^^Ai-c 
-hx'hh. mm. sMnz-o\,^x M.ht. ^^j^x 

V yhMmmm. TIG. T8. Tl 1. T9 • • • 

[002 1 3 $4>»C, mmm^l 1-17 2584# 
tZTFi^tltXoiZ. RRGSii. SM*>mOi*^t« 

10 0 2 21 ttz. RRGST«. SM*«, ttf&\itl 
X^'^^\>'*ai:h^-hi:MMXdl,zMm^ii?>f.iif>. vo 

i^<omm<i^'4tS. mx.i£. m4izts\.^X, SM# 

1 1 s M # 2 tt-^i. i^iUtttJ^^if- h<o^:t.-izayx 

i^yhizj^'/^vifrnfS)*). flfitOSMcoStJS-rs^j.- 

jiSTfcst-rs. sM#i{i. m5izx^ 
m^tihmmmBizti\'^xsM#2(7)wiiz4xa-/ hto 

o-y h«SM#lCi->TlX^><taii:C^r«> (ffE^ 
ffi^l l-172 584#S-#»g) . 
[0 0 2 31 ^K^iotC, ±a<'5RRGSXiri/*a-7 

tfi. mm.r/mmi}^wm^z^j:hb\>'^ofsim}^hi, t 

tz. ^8!pira&!>»oiiS»rtg=S:1?--b'X^-b^^T§ 
tt:. ±3SU:tJ:3tVOQ<OVKo*»3!)*ffi<ov 

[00241 *5|BB<^BWJ4. RRG S<0l^gaif9J« 

^-ttztizhh. 

[00253 *l6BHcoffi«0@W{4. VOQ^ jl-AJ^^t 
[00261 *l6Bjt7)$ ^,tcfl!l<^@WJ4. VOQ-9--h' 



[00271 3|!:^^0-?-OfficoaW{i. V^-^;fi«0VOQ 

[0 0 283 ;^^>^a-7i6ttti3«tl.fc3 \r><nmi 

\i. mzxyi^pi-uy-/^tih^-l^ivf::?J&izmir 

5N1ic7)VOQc7)dt<?)t'<7)VOQ5r, X^i/ji.-^<0 

mm-i^9\-ti)om.x'h&, ismttm. x:h^-h 

zc^iim^m-h'xm (Qos) 
mr-h'xu- hix o'fmt&tz-rhm^xn^r 

i}-Ltctl^t>. ZtHmm:ATh&. X^ •y^-Mli(7)X 

n^r-yhnWcMM. -SodE-jL-<7)ttjs, m^x 
a. ^fi^m^-izm^-tiy^-iimf^tih^m 

[00291 

trn. ^-y hV-:5'{:tJ{ti.T-^<7)7a-S:SiJffll^S 

x'rVa.-'yb'k-^-^h. «•x^ri;a-;^t^/i-;^ 

c^&ffyT^ijrit-h^x^z^jL-oyf^'th. x^i^A 
'y^t-i^^:^^mt. ^x^VzL-iv^-jzL-Mi.. s 

LJ:3fc-r&:^5l^^>fA;^D y b$-ttfi[-rs. x^if 
v^l>*»ifd*\ |inB1§3l5<0^-fAXn-yh*qffljl:$*tT 

s-cJv^T. mmmy^^M.xuyhifwfyt^i^bij^i: 

[ 0 0 3 0 1 X'f -y^cOX^-i^'A-^Ji. mBWtk<7)if 
ffiB^co^'-^ Axa«y hSrm^OrJ'-YixXo 

[ 0 0 3 1 1 x-f -y^ji. ifieaj:'!^- h<D^tiwz 
nLxm^cr)=>t^-iim-t^{mtii:h=>i-^-^ y^^ 
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[00321 ^^m(^m2(Dm}^tzxtia. y 
1@a<7)A:'j!i^-Mcl'J«t-5A:')>^^^ y b5:X^ -y^o 
^<oai:>3;K- h toMS J; o txy v y^tS* 

i^*i-;k&>^>x^rj/j.-U y:?'^ y-t-i^'Srgfil-SX 
b ) B9i5Kx^-i^':i.-;P^:v mietfflS^oai^J 

AXQ >y h s-tfSE-r sxt y rt . 

c ) t5iE:^0;5"f AXn-y htCtSJtSMftffltCX^i; 
d ) lifBlf*<^^''f Axn.y F**ifi5Sx^>fa-;l^ 

•yT-fc. 

T-yrfc. 

g) fiieK*<05''f AXO y h*«. ffiCOX^VA-Zl/t 

Ex:^i^'A-i;y:J^^.y-b->T&>ii,. MiiaLiM^*«Efc: 
^?nTv>|.*>t'9*»$:WBrrsx7^ -yTt . 

h) il$i^SLi!jff*-'Btt::B3i&$*iTV^^J^, wiM^ 
^i^-tJ^^xa-y hS:ffljt«StiS^LTXx<yrdC 
MSXxvT'i:, 

i ) msmmtmmmk$tix\^^j:\>^^. mim 

t^^-^f Axa-y h2:0r^<^^''f AXD y y-mmm^ 
igaL77^^&-fe y hLT. Xx-yrdtCMSXT 
•yT-fc. 

j ) liiE^O;J'^AXO-y h3b»'ffl!iOXirvi-;Ptv= 

Axn^MrU"). B<I^IS*<D:J'-^AXn>yh*«Ki9n 
fzZ t SrS^-rffi^SrMex^i^'jL-y y^^-?* -y-fe-i^'fc: 

k ) ffieXiri^a-U •y-fe->''Sr<Js:<OX^VjL- 



[ 0 0 3 3 1 «aoA:'3.-K- h ^ilt;TA^)-ri.T-^ 

Biria<s«ai:'3=^f y^w- tx h it^mm 
i)*^^ms!mTS>h, xyxjL-7{i. m?f-my^y 
vah'yizm-^^^x . mBm^}ii:fj^-h^mm-&. 
[0034] ^m'mm3<mjkizxin£. ^ y b v- 

^'t:*JJtST-^W7a-$'»Iffl-rsx>f .yf-ll. mi 

^-hff>o *>cojg^ai:ti'-K- F^T-^^j*S J: 3 iz, 

i^'jL-U y^-ts Nfflcoigft<OA:ft^- hX^ri/jL- U 
y^^i^'a-zPSr^ff-rSxr^-'a-^i:. A^'^m^ 
ti. l5Sx^i/*-5{4. 15ie*A:*3;K-Fx^ri;ju- 

'J y 'J y^^tttSig^fi. >f AXO 

«-A*'-K-hx^rj;A-'jy^tyA-;i' 
*»\ H!igcox:>->''j2.-Uy7't>-'j.-;k*»f,. 

X^rj/'jt-Uy^^ti/a-yk**, -e^O^I^Jr^'fAXO-y 
^•/a.-Vy^=ti^'^-)l^. l9SiOX^r>fjL-ijy^r 

[00351 mL<DX:hX^i^y.- V yf^^ S^jl-^PS: 

*-r2.>'N-y -y bX^ •y^WA:^JJ^-hi:tti:>J5K-bOfi! 

Nfflco^'^f Axo-yhJrmiafc-r 

U— A<0iJ:7 A4'<ONfiS<7)^' AXQ "y hT'COX^r 

[00361 ±iex^x'A-«j y^*^{4, 

a ) Sft£OX^ri;j.— yPti^'jL— m<DX^i/jL~ 
/Pt >''jL-;l/*^f>Xiri/a.-'J y^^p< >y-b->''S:S<if- 
SXr-yTt. 

b ) msM&<7)x-:ri^:L-;\^'j^-ji^. mimL(o 

aj^JjJ^- h «0 0 *><7) 1 ol^T -fe X t J: a t •ri.^?3R<7) 
^'^f AXO y Mr^y>i>:7l^-Art«0i^^<^^'>f AXD 
•y hKS^-rSXf-yri:. 

^ Axo y ^T'^o^iflffl^^x^rs; A- tj y^^f S J: a 
iS«?rsxx>yrt, 

d ) I5^^f*0^''f AXn .y b^^fficOX^yA-ZHEx 
e ) MlB^^JlWrJ'^AXP-y h7!)>'<fi<7)X^i^'jL-;l'ti^' 
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[00371 $ /i>(c, isLx'ri/3.-^i yy-mit. ^ 
AXD y YTffyx^rVo.- 'J y^m^m 

[00 381 iJt. dOX^i^'i-yy^r^rffiJi. iuE 

[00391 ^xTV:,.- y y^^^rffiJis fcs-^i. <?> 

SNxNvh»J^;x.?r#fiS-tl.C:i:{cJ:-3T. 31?t07 
[00401 

(Carry Over Round-robin Pipelined Scheduler, \>Xf 
CORPStV^d, ){±, «iS:?'Oj:^y\'7r7't»>y^'(C 

-7oraia.^i2:)»Si5^at<o-efts. corpse, ^ 

*tSt»SS[T-=f-r^^^3W8JR§*lS. Setw. RRG 

SfcPISt, ^•y-b->''J!ffilS«^^7'<yaSti: 

tfc;^^— 77'^nctH#-tS3ti^>K, >'NM7*7-fyr- 

[ 0 0 4 1 1 $ (i>{c, *l6Bjt iitjf, l^^2r#{cN 
fflcOii^-r S X O .y Vm-h S X O -y h 7 1^- A{C*SlJ 
LT, ^S$r7U— A<?D^Ji:;?ii^(r-r. ^•^•f^.X^j^A 

^-?.fc«6tc. @jtevhU^X$ rfi^-fS. NxNg5t 
VbD^'Xa. ^3ft<!D4x<c>it3t:?^AXD«y hSrSM 

x<r)ff{i3S^t<^7 l^-A (JS^EtOi'XT'AXo y h Sr-^ 
tf7V— A) rt<7)xn yh$''fyr^'xf=)-{tL, vhU 
^7 X(nmXiiO<zmLhvV-h.n(r>xu >y hSr^f yr^' 
XWtLTV^S. vhU^xol^Ji, t'<OSM*J, JiJ 
•<yr:5'xtJ:-:>rs^$ii€)»:7k-Art<oxo«y 
rim5(visit)j 

[00421 07{44x4®3t'7M'^'X5rSK-rH-C*S> 



0, 08J4, S7tS^Ucvh'J:7Xfcit^|>yNMT7 
^y-fl:$*lit:5'^AXo-y hfflH^Srfi^R^LTV^I,, 
>'NMr7-f y^b§^U:ifc^7-o-fex(±, git-^hU^^x 

1. <f. i^XTixf7)3a^£cO^'>f AXD y h*^1S7^-Ac7) 
l|2Xn y h-C*i>i: §. SM# l*»'<J:7U-AiO||4 

xo y K;»t5xy>?jL- H yiJ^g^Sr LTir^SS 

(C. SM# 3{4a:7U-A<0lg2XO. yKClttSX^r 
va-'jy^^^SrLTV^S, 
[ 0 0 4 3 1 gJt? h 'J ^'X$:figffl-tl.^ i: tJ: 01^ 
tt*« 7 A-fb^^l, ^' >f Axo .y h jS|5IIBflf*^0W 

t^S. 7V-AFltfc{t-S#SM(0l!)f^{' 
«S-tSt. «-SMC0X^ri;j,-yy:5rg^jag,i 7 

ifcffii&ff d ^''f AXa<y h<0jSliIllfls{±T8-T7-»T 

e-TS^TSt^rO. 7l/-AFliO*Jg-C-|g^tC^ 
T-rS. Mt^ 06(C^^L7tRRGStfcttl.:J'^A 
XO-yhjS|5mj^ (TIO, T8. Tl 1, T9 ■ • 

m.mmif^\zts:h. Mt, n x h y ^x 

>f AXO y K7«SlilJiifl:s^^tS. 
[ 0 0 4 4 1 09 {4 5 X 5 SitV h y ^'X^Si-@-Cft 
■5. H10J4. @9tc^L.3t-7h'J^'XH«-r&>'N->fr 
5^ y-(t$<XJt^>f AXO .y bjS|5I)ia^5:fia|S^LTV> 

71— A-9--fXJ4 5:?-fAXn>y ht'5rS3!i«> N = 
40Jl^i:|5l«{c, :J'-fAXO-yhiSlHl)iflf{4aaiJW^: 
tot^l.. 08i:|31«fc:, 7U-AFl(c:i}»t&#S 

M<oi>fft«a-rst, ^g-sivKox^v'jL-yy^'^ii^ 

jiSti, 7b-AFic7)5fegj|-c|5)i^t^$ii. x'rl/ 
JL-'J y^^Sfc^Srff 3 AXP >y V<mMmi^T 1 
O^T9-*T8^T7-T6-*T10i:^rO. 7W-A 

F 1 <rm&rm^%'T'<rh . s M<^)fflRc w LT«Wf 

OESII^< PIHfiHiItT N X Ng5tv h y ^ X^ «^T' 
^Sfcfe, RRGStifcSgLTSMcOl^l&tfffllffllj&J^ 

[00451 NxNg^tvhy^'xji. iifi^x^y^ 

tliioT^SnS. CiixtiiO. i><c.»9>I.SM*>\ 
mzx*rV:L-^) y^$tutdf- hfc:B8i-S1B«^jii^ 

isitor)j (l|l*>. l^'^fAXO-zhfrcOSM) tio 

xmzMUxfz^-hif^- y ?:jg^c: t Sr»Jtn»f , 3 y 

[0 04 6U:UiOJ:otc. i^lS!M2:7^~A'fbLTfl| 
5t-7^y^'X2^ffl^%fc1^^^>f:^T3^t^^J:•). SMcoffl 

[00471 *3%HHT14. :»UcT-^t^^-v& 
If^ -y-fe-i/SigL^rS^Sia^Loo^iHHSSrSfit-^l, 
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few:. WML (^-ru-7r->'N') m^irmxtt. i 

o.yh5fetJttr. 

10048] 01 U4. ?SSc0X:5ri;j,_5q£i;i_,p 

sM<oiSTc^aLfirf^iS:fiai*-r^iJiHBa-cj>i.. ^ 
im^li. ^l(,ixrz^'-(J^xti yhizii\,^x ^m^L 

TV^Sj SMOfflaCttel?L-CN7l'-A*TJ£tfl.C: 
tifiX'^h. WMimfipizX'jX'm^tilxayh 

ui. w^-riy)y-J^x't'<xcr)SMizxmt^mi 
^tii>xh^o, u-ox. mmLmf^izx-^xitsL^fii 

(i. m^co-:iVi^ayim»i-thtzibl,zum(^7l'- 
[0049] vXrAo^^ 'JS^^f^^^Srtl. fcft 

izxr>xim^tii,yu-j^<^)mii. ^iWii/^^m 

Jt1^<7)Xo •/ h tZhtz-oX mtOiiJ^ii^-hlznLx m 

ffix^'j^-v y^i:t^j:\^xoizm^$tih, mmt 
tin. 1 -/ hjti*. mmizmLff)^ *j i^ay^m 

[0050] 0Si.{f. SMai}K ^X.^hfz:ii^~hplZ 
6. XU yhmn (lgn<x) WV>-filt. lilt.-K- 

^y^) t^j:i,. tSoT. d^offiihtsigfi. 

[00 51] CORPS>t^rj;j,_»jy^7'/l'd'yXA 

^z-y\>^xi^J.TX'mmt^. 5t-f, iiM^x^yT-^^h. 
lAT-^^-xiz-o^^xmrnt. ^<7M. 7)\^^vxA 

(r>mnz':>\.^xmmtl. 

[0 0 5 2] #-b;PXn-y hX\ f-x-f y^cOibSSM 

^hA^imSiti>. s^-y-t-j/a. tiiptfij^nn 



^ri^A-yy^^g^ {scheduling element. JJlTSEfc 

[0053]H12J4, Sy<y^-'J<Dy*-'7yhi 
v^tmZ'fyh. mmtZi5\,^X. Syiyk~i^<D^Xiri^ 
JL-yy^^SlgSEti. ^fi^SfS(TTL . Tiie To Liv 
e). ^''f AXO y M D (TS 1 : Time Slot ID) . S 
M- I D. Rt/&i}^—h ID ( OP I : Output Pbrt 
ID) t^C^tch. 

■Wm^{TTL.)\i^ ^gtSESr^LJtSMfe:J:r> 

•^'>fAxn yMD (TSI) {i. a^EOTS (^"f 
Axn y h ) *»/i>;^o -y h*«;?.iri;j.-»; 

X'(r>xx3'7 v^bLx^m^tih. x^i^^L-^jy^r^ 

ixhxuy hcoiDX'hh, 
■ SM-iDii. xyi;3.~^}yif^iLtzXi}rti- 
hx^=jjL-v yif^i^a.-)^ I X)Xht , 

• ai:^3'-K- h I D ( o p I ) J4. xy-Jzz.- V y^r^ix 
5a}:Jjdf-hoiDr*>s. 

[0 0 54] ;^o y hogcote. #SlVHi5fc1t-ri.SM 

o-y htcft(t^.iutSE?r#t?. i>/i>»9>&SM{4. rJ'^f 
AXD y h ^y;; 0 1 lHl<ox^ri;jL- u y^^st^ 

M p {±iilT<Ort«t:*^&«r L I- ^ S E iHm-th . 
[0055] •TTL=N 

• TS I =m^a)xuy hi)^fjm1R$ivf::^^J^xay 
htX'<n (-^iiSr^tf) Xo-y hOfflBcm 

• SM- I D=p 

• OPI=^'>fAXO yh (CTS+m) ttJJtSV'C^r 

•y h P *»^>ai:^5K- h q iz^sm^tLh X d 

[0056] x^i^'a.-*) y^m.^izij^ii*ht>-f. *s 

rt<Offico-r-^Tc7)SE<7)TTLSrT^'>Jp«>'hL, TT 

L=ocosE?riai-rs. 

[0 057] #sivn4. {n+\)^m^m.^ists}i 

>'<x-f y^^i^A-Mzi.->xm^^^1xtn.yv-A 
cox'>-=Ja.-oyy^&i^th. ztii^(r>&Mt±. 

^L. K'^<^i)^ijmT':^ux/^ayhxD-yi,zXr>X 

^=J^-'}y^r^^^-fhtzMzm^^tii,, 
[00581 01 3(C5^-rJ:d(C. mT<07 -f H;!)* 
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[00 591 • ffljh (Blockage) : ZiHiSMtfiXiri^ 

[00601 -^mi Reservations) : ZtLli4-Z. htl 
■Th, CORPSIl, M^^J^XU yV (CTS) \zn 

\^XZff)y <—)VV}fv^'^Xffyx.y\'^}ifitKX<ns 
mzhtz*)n--X'hh^t^m.-i-h, t3!-?T. ^ux 

^N'^VjL-;l/{i. ttS<^)SM (CTS) *»^>. -fe/K^ 

[006 11 CORP sxyj^A— 1> y :/r;l^d"l> XA 
#SMtt, :LZXWL^^l>CORPSX'y-Ja.-^}y'/ 
TlVd')XMzVto, CORPStJi. H-thtlTzSU 
3&<if<^a!:^3>-K~ h ^x^-J:l-*} yyLi. 0 1 -rSAHc 
mi>mmi^j:\\ t'«oaJ:'3'-K- h Sr^:>-vi- D yV 

Qfc-9--t':^-rs@*<iOd^U . 0 1 4 ttc O 

RP S Xir^-jL- tj y'/T)V^ 'J XA5:S^-r 7 o-^-^ 
-hT'J>S. WT. i^X^^^ y^XlOl-^llOiiZ-O 
v^T. |B|ia<07a-tcfi!>r^^:*^%iJiW"S. 
[00621 jfe-f . ^'X^ 101 fcltJV^T, l?fOSM3&» 
A>S;<>yb-i^'l:gffiL. #SEtC«LTTTL (#M 
fifS) S:T^"J^yb-rS. Mt. ^-tt>ixtiSE\,zn 
UTTTL>0<7)^(C«. TSI (^'-^AXO-yM 

D) 5:T7Up<yM., TS Hct>(tl>^t'JTU'f S 
C5:Jgfr-rS. TTL = 0(7)i^fcJ±, ^iOSESrS;^ 
•y-fe-vX^^-rS. t.tz. =^f-vU- (CARRY) 
77^^$^CARRY=FALSEfc»;-fc>y h-fS (^';^ 
^'1 0 9#B3) , 

[0 0 6 31 ^l^T. 102 dSfi^XOy hcoH" 

3fe<7)^^i»XO«y h (FTS : Future Tine Slot) ^X 

iri^a.-Oy:/LXdttti}^iMm-tl. ^mt: 
ib. ^(O-^hO^^Xit^ FTS=f (CTS. SM_I 
D ) OJ^I^ f txyn- K$it9 S . 

[ 0 0 6 4 ] HtC , S M*ii*fifflfc t'coaS^J'-K- h ( O 
PIS) ^X^ryj.-y>-^Lj;3i;-ti,A>SrSS?-rS 

(^xif 103: tii:hyi^-h<7>m{) . =3:t5. tii:fj^- 
hiMm-hxhy7--yii. m<^^ x^fffX^tzm^ 



«?3!)«^^Tig-e*i.) . 

[006 51 ^V>T. SC (FTS) (O^t^jxy MJO 
3*>T\ SM-ID^iClcOXiri/i-tjy^/Srli^T-fs 
S M L \.^hm^i>hi)^t' 0 i^i:mz^x. y^-th 

(:?X^1 04 : XD>y ^^a^*^0r*LTV^^>*»<Of 
A^) . 

[0 0661 t,L. SM-ID*<C:<7)Xy£/A-Uy^ 
i&UffrS SMt^^rS^T/otf ( ^X9 1 0 4<0N 
0),St. SC (FTS) <OffijhxyM)<Od*>-C. 
OP I (ai:^,-K-h I D) *\ X^=J::2.~^Jyi^iW^ 
TV>5aj:^.-K-hOP I SlC^L»r^t<7)*<^s*>i:-p*> 
i&f-x y^'^S (5^X^105 : e^H4ffljh$tfCV^5 
*h7)tX h ) , 

[00671 ^mm.±^ilX\>^&^£^i£ ( ^X^ 1 0 

SHOVES) . sj('yt--Ji}$:<7)SMizmrt (9x^ 

106) . 

[00681 SiW)^Ta±$nTV^^:V^:Sr^.(f ( ^x^r 1 
oseoNO) . SC (FTS) (7)'fi^yhO<Do*? 

opi (aJ:»;K-MD) x^i^:^-vyyi 
m^XK'>ltii:fj4^-hOP I Slz^L\,^i>a)i}^h?>t^t' 

i^tiX\'^?>i}^r-Xh) . 

[00691 •e<oxo -y himi^tix\>v^\'^m^ui 

(9X9 1 0 7f9NO) . SC (FTS) {C, igOS 
M- I DSrifirLOP I *soP I SC^Lt^iF^l^y M) 
TTL=N. TSI=FTST. SM- I D 
Jiie<01 Dt^L<. OPI=OPI St'*>SSE$r 
f^«-rS ( 9X9 1 0 8 : XO y h^Mh ) . 
9X9 10 6 ( S;< -y -fe-i^'cOSJtSL) ^mts. 
[00701 Z(OXa-yhi^-$hm^LX\>'^i,^ 
(9X91 04C7)YES) hh\m^<^XU -y htfimz 
m^ixX\^&^ (9X9 107 COYES) fc{±. 

CARRY=TRUE/FALSE^^x"/^'-^-4. C 

ARRY=TRUE£r)J^fc{i. SC (FTS)<7)BLih 
y-i-jUViz. OPi=OPiSc7)xyM;Srf^^L. 

^■pT^rV^J^fcHiC ARRY=TRUEt:-fe-/ bL, 
Ht. FTS = FTS+Nfc-fe-yh-rS (rJ'X^'lO 

[00711 9X9 1 0 9tcJ: 0«BSLIW*^llfifSix 

hb. m\'^xm^i-:>i-/9i3inhtit (9x911 

0) , aP*>. FTSJi, CTS*-^>2N2J:0S<K«I 
ilT{4^rA>^rV^. (FTS-CTS) >2N2'C*S:© 
(^'X^'l lOcONOK) . x9-;< y-b->^^ajL 
TjaEiSritfjttS. FTS-CTS) g2N2<Oi®^fc: 
a (9X9 1 1 0<0OK) , 9X9 1 OA^Mh, 
[00721 CORPSTfl'::fVXM,$:m\>'^hZbX'WL 

Tffm^±th. ^<'y9\3^^<nhhvoQii^ &m 



(11) !^g32001-7822 (P2001-7822 



^i^:>.-*}yy^ixx\^h:ib^Wfcttifi. ot<o;S 
iz^ir^% X'h h . )v-r^mfhmm.~(r>^i^'i 

±.^^\.zX'>x^it^ixi,tz»). )U~ri}^t>z<r>Xo 
tzLxmfi>:itii^\>\ 

[0 0 7 3] mtliilJ^-hcii:TmiXX^=J^-0 
y^^lXo bt?>m@<^X:h^-h (SM) co-b y hSr 

- h q tc^t S M i {Ci o T jL- U tiS 
xoy hiOfflBcSrni' (At) fth, X*rl^:x.-v 

I ni« (At) -Hj' (At) I gN 
X'hh^. m-7xr (m-^) -CSiStV^d. j« 
WcOS.. SMJi. ffi^v>-fiicoSMJ:0tMt:NffliO 

[00741 CORPSJ4. m-^ ( Km^N) T 

nirXmm<r>s^ifm^hx\>^h}L^-^h. mmtx 

tmizm hixx V >!. *>if 3 i}^<r>TX Vk-thZ.b^lX' 
^tc^^t^t^X'hh (ai4<7):5'X^'10 5) . C:ilii>iO 
m«?5SM**Xn y b t s KtJV^TfBjh^ilTVvSr^t® 
t s + nN ( Kng i ) OBItmfflcOS^XO x 

( ^ t^rtttLif ^■ii^>*±t s {::fcv^Tffijh§iiT<,^& ) 
tfc^SMA^-eii-fiiqCJtLTX^r^'j,-!; y-^r^^i 

thztiz^hzti:jmth, :izx\ ^tit>imy 

-A\,z\->(r>x*rVa.-'>)y'/t:^-ti>t-iix\i. # 
SMJi. ai:?j;K- h q tjkf LTiKO i 7 

>'*^'»^§ir?. i 7i'-Atf3 i nmnxu-y Vt^t>Mh 



[0075] ii^as<i!Si*«>'^i.o-c'*&. -en 
{±. tztx.mmmt^}Lix\i}i^<xi,. mmLXf^y 

^'n^^<0i>|.VOQJ4. flSOSMiOWlS-tSVOQOlg 

■t^x<rmm-h smm^i.zm^^cni'mnh ^ 1 1: 

[00 76] $<i>t:, fil^fi#«0*>k-eJ4, ^iii^aj^I 

-Tyh2:^r-rS (01 4«^'X:7 1 08) . 
[00 77] CORPST-^x^S'^+toV^TVKo 

PRO. ^%<^:Hmx'xu'/ Y(r)X'ri>:x.-^)yy)^9- 

<o«tg{±, SM*i3 u £/'3 J: DSv^t^*^;^ L 
ti(iii)^*)X'$>li)K ■hj:ok'd:(OXu yhizi}K'iX. S 

si<mmzmmm&G:-t^^i>$)&, mtif. mm 

SKliS^SrSJJ^. iftl^tf , i-Hi<0fl6<0SM 

fzm^. i^xy-Mi. &ia(>zi-imcr)SM</i^i)mm 

ztuzii*). mktm:^\izwM^tii,j\-Y^3i 
Timm^ttx'S)hzti)ifm^tih. 

[0 0781 CORPSJi. mL<oyi—A{zt>t:*)j^ 

^•y hx^i^^L-vy^^imfhutizi-^xmmfrm 

•y hmm^:k^<^j:?>tmm'i>:it^th'^bi>X'f> 
h, itf5JtA, -ah57^ 'y^'COttT'CORPSfiO 

^^y^—^yx^-y^m-th. mmsmii. mmtrnt^tii 
b'<r)<{^\,^^^^'yhmmizm^ti)^mmL. s^-r 

hXiri;jL-Vy^r)\^:fVXJ=>btt^X. l/Xy-M.tP 

hm3immmh:ibx'hh, 

[0079] Vvy<'/9 nmiizm-hn^ y hgg{= 

fc. C0RPS<^1»ftT;PS:#rtWS. mr-CJi. IS 

[0080] ( i ) -a K ^7 -f -y fcilX 
( i i ) «-SMti:&7>yA^VOQ^j.-SS? (0 
14<0^'X^'103) . 
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10 0 81] ^li^hf.lSlAm<7)^ tHil^i^-h n^CT)^ 
rxo^N-^ «y h *»' 1 o<0A:^'it- h tciWI- i>lS^*« p T 

[0 0 821 voQSs?tcWL-c, ■^i.^>nytsM<?^ 
VP Q:<>^gT^(th.tf . ^imsi^tiimmx' 

hi>. tST. Chipalkatti^ ( "Protocols for Optical 
Star-Coupler Netwn-k using UDM," IEEE Journalon S 
elected Areas in Comiunicatiais, Vol. 11, NO. 4, H 
ay 1993) izVtot. -r-^TiOVOQCOfiJffl^j&VCj. 

lOiDSMfertJV^TJW^SnSSWWOQ 

^j.-«^fflajii+ (N-i) pizx-ox^i^tit. 
[0 0 83] <ibmm^zmm^^%wmim 

-yizx-^xmiR^nmrnt-tt. <imm^^-i}< 

^\<^t\>^o^X\ riiqtJi^^rS. 

[0084] r = pq = p/N ( 1 ) 
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